Fatty infiltration of the liver is a common finding in alcoholic patients, but the mechanisms responsible for the accumulation of hepatic fat are not clear (2) . In the present investigation, an attempt was made to clarify this relationship by studying the effect of ethanol on fatty acid metabolism in rat liver in vitro (3).
tate-i-C"4, acetate-2-C14, ethanol-i-C14, ethanol-2-C14, and palmitate-1-C14, the latter being bound to crystalline bovine albumin (5) . The various substrates were purchased from New England Nuclear Corp., Boston, Mass., and Tracerlab, Inc., Waltham, Mass. cent 1,4-di-[2-(5 phenyloxazolyl) ] benzene (POPOP) (7) and the radioactivity counted in a Packard liquid scintillation counter. Randomized liver slices (approximately 0.5 g) were suspended in the incubation mixture in the main compartment of incubation flasks (8) . The flasks were sealed with serum caps, gassed five minutes with a mixture of 95 per cent 02 and 5 per cent CO2, and then incubated for 3 hours at 37.50 C in a Dubnoff shaking water bath. Rat epididymal fat pads (0.5 to 1.0 g) were incubated in the same manner. At the end of the incubation, 0.2 ml of 10 N sulfuric acid was injected with a needle through the serum cap into the main compartment, and 1 ml of alkaline hyamine (9) into the center well. The, flasks were then shaken for 30 minutes in an ice bath to trap the evolving CO2 in the hyamine. The hyamine-C"4O. solution' was transferred into a volumetric flask and made up to 5 ml with toluene; 2 ml of this solution was mixed with 16 ml of toluene containing 0.4 per cent DPO and 0.005 per cent POPOP (9) , and the radioactivity was measured in a Packard liquid scintillation counter. To calculate the disintegrations per minute (dpm), the obtained counts were multiplied by the efficiency of the counter which was determined separately for each experiment with an internal C"4 standard. C 40-2 was expressed in dpm per gram of wet tissue or per milligram of tissue nitrogen.
The incubated tissue from each flask was homogenized in the incubation mixture, and an aliquot of this homogenate was used for determination of total nitrogen by the micro-Kjeldahl method (10) . The rest of the homogenate was transferred to a screw-capped bottle, to which 0.4 ml of 90 per cent (wt/vol) potassium hydroxide per ml of homogenate was added. This mixture was saponified by autoclaving for 1 hour at 120°C. After cooling, ethanol was added to obtain a final concentration of 50 per cent. The mixture was vigorously shaken with 20 ml petroleum ether for 10 minutes to remove nonsaponifiable material. After repeating the extraction with petroleum ether 3 times, the ethanol remaining in the aqueous phase was removed by heating on a steam bath, and the pH was reduced to below 3.0 with concentrated sulfuric acid. After cooling, the fatty acids were extracted with 20 ml petroleum ether. In nine instances, slices were incubated with either 10 nmM1 ethanol or In adipose tissue, no stimulatory effect was observed with ethanol, while glucose enhanced acetate-1-C14 incorporation into fatty acids ( Figure  3 ). In four instances when randomized liver slices obtained from the samne animal were used to study the effect of 10 mlM ethanol on C140.lproduction from both palmitate-1-C14 and from acetate-1-C14 the reduction in C'40. formation was comparable with both labeled substrates (Figure 4 ).
DISCUSSION
The total fatty acid content of liver slices incubated for 3 hours with ethanol was found to be significantly higher as compared to incubation The results in Figure 1 indicate that at a substrate concentration of 0.5 mM, the relative incorporation of ethanol-C'4 and acetate-C14 into hepatic fatty acids was similar, while with a substrate concentration 20 times higher, relative incorporation into fatty acids was 3 to 12 times higher with ethanol-C14 as compared with acetate-C'4. Similarly, when liver slices were incubated with acetate-C14 and either 10 mMvi unlabeled ethanol or unlabeled acetate (Table I) , ethanol enhanced the incorporation of acetate-C14 into fatty acids and reduced the production of C14O2.
Interpretation of these findings is complicated by the variable dilution of the label by the unlabeled substrates and also by possible differences in the rate of metabolism between ethanol and acetate. However, since both for incorporation into fatty acids and for conversion to CO2 via the tricarboxylic acid cycle (TCA). acetate and ethanol pass through a common acetyl-CoA pool (13) and since the total disposition of acetate-C14 into both lipids and CO2 was approximately of the same order of magnitude (Table I ), the present findings may suggest that on incubation with ethanol, utilization of acetyl-CoA is shifted in such a way that a relatively larger fraction is incorporated into fatty acids while less is metabolized via the TCA cycle.
In adipose tissue, where lack of alcohol dehydrogenase. activity prevents significant oxidation of ethanol (3, 14) , ethanol failed to stimulate incorporation of acetate-C'4 into fatty acids (Figure 3) . In the liver, ethanol is oxidized by alcohol dehydrogenase (15) (16) (17) with concomitant reduction of diphosphopyridine nucleotide (DPN) to DPNH (18) . In vivo and in vitro, ethanol was found to reduce the hepatic DPN/DPNH ratio (19, 20) .
Decreased concentration of DPNH in the liver was shown to be associated with reduced fatty acid synthesis (21) , while in cell-free liver extracts, addition of exogenous DPNH was found to stimulate fatty acid synthesis (22, 23 Supportive evidence for this concept is obtained by the experiments with sorbitol-fructose (Table  III) and with methylene blue (Table II) . In the liver, oxidation of sorbitol to fructose is coupled with concomitant reduction of DPN to DPNH (24) . The increased incorporation of acetate-C14 into fatty acids in the presence of sorbitol may be due to the shift in DPN/DPNH ratio (Table III) . Conversely, the presence of a hydrogen acceptor, such as methylene blue, would be expected to offset the stimulatory effect of ethanol, such as is shown in Table II .
It has been shown in vitro that addition of DPNH results in reduced oxidation of TCA cycle intermediates (25) . Thus, the excess DPNH generated on ethanol oxidation may account for the reduced formation of C140, from acetate-C14 (Tables I and II) and from palmitate-1-C14 (Figure 4) 
